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X-ray-Opaque  Reinforcing  Fillers 
f n*  Composite  Materials 

R.  L.  Bowen  and  G.  W.  Cleek 

Clear,  colorless  glasses  that  absorb  roentgen  rays 
were  prepared  by  melting  together  compounds  yielding 
silica,  boric  oxide,  alumina,  barium  oxide  and  barium 
fluoride.  Barium  made  the  glasses  radiopaque,  fluoride 
lowered  the  ref ^active  indexes,  and  alumina  tended  to 
stabilize  the  glasses.  These  glasses  are  part  of  the 
reinforcing  fillers  for  composite  dental  restorative 
materials . 

Roentgenograms  have  been  practically  useless  in 
the  detection  of  the  secondary  caries  or  underlying 
decalcified  dentin  that  might  be  a sequellae  to  the 
placement  of  unreinforced  direct  filling  resins  or 
the  first  composite  materials  to  become  available. 

This  is  due  to  the  fact  that  these  materials  are 
relatively  radiolucent;  consequently,  there  has  been 
a continued  interest  in  means  of  making  such  restora- 
tive materials  radiopaque . 
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The  introduction  of  inorganic  reinforcing  fillers 

into  resin  restorative  materials, ~ commonly  called  com- 

2 

posite  materials,  suggested  the  possibility  of  making 
such  materials  opaque  to  X-rays.  This  can  be  done  by 
the  incorporation  of  an  element  of  relatively  high  atomic 
number  or  weight  into  the  glass  that  constitutes  part 
or  all  of  the  reinforcing  filler.  Many  of  such  elements 
are  not  suitable  because  of  the  color  they  impart  to  the 
glass,  or,  in  the  case  of  lead,  because  of  the  possibility 
of  discoloration  through  the  formation  of  sulfides. 

The  purpose  of  this  paper  is  to  report  investi- 
gations of  various  barium-containing  glasses,  especially 
formulated  for  use  in  dental  composite  materials. 

Normally,  the  introduction  of  barium  oxide  into  a 
glass  formulation  raises  its  refractive  index.  The 
commercially  available  glasses  containing  the  required 
amount  of  barium  have  refractive  indexes  that  are  above 


optimum  for  the  purposes  of  this  application.  Furthermore, 
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most  commercial  barium  glasses  contain  alkali  elements, 

such  as  sodium,  potassium  or  lithium  and  these  elements 

3 

can  catalyze  the  hydrolysis  of  silica.  The  presence  of 
these  monovalent  alkali  elements  in  a glass  formulation, 
in  the  opinion  of  the  authors,  might  be  detrimental  to 
the  durability  of  the  bond  between  the  glass  and  the 
silane  coupling  agent.  The  quality  of  the  bonding  between 
the  polymer  and  the  filler  particles  determines  whether  or 
not  the  filler  is  a reinforcing  filler,  and  is  of  utmost 
importance  in  determining  the  strength  of  the  composite 
mater ial . ^ 

Since  the  introduction  of  the  fluoride  ion  into 

5 6 

glass  formulations  lowers  the  refractive  index,  ° 
it  was  important  to  determine  if  clear  glasses  having 
the  proper  value  of  refractive  index  could  be  formulated 
utilizing  barium  fluoride  in  the  place  of  barium  oxide. 

3 

Other  possible  effects  of  the  fluoride  ion  concentration 


remain  to  be  determined. 
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MATERIALS  AND  METHODS 

The  formulations  of  the  glasses  that  were  prepared 
in  this  project  are  given  in  the  Table.  The  glasses 
were  melted  in  an  electric  furnace  in  a platinum  crucible 
6.35  cm  in  diameter  by  7.62  cm  deep.  After  the  batch  was 
melted,  the  melt  was  stirred  with  a motor-driven  platinum 
10%-rhodium  double-bladed  propeller-type  stirrer  to  obtain 
homogeneity.  The  time  of  melting  and  fining  depended  on 
the  characteristics  of  the  melts  as  did  the  maximum 
temperature  used.  Usually,  about  1.5  hours  was  required 
to  fill  the  crucible  and  about  the  same  length  of  time 
for  stirring  the  melt.  The  maximum  temperature  used  was 
about  1550°C  but  this  was  decreased  to  about  1150°C  for 
the  melts  containing  a relatively  large  amount  of  fluoride. 
A small  amount  of  the  molten  glass  was  poured  into  a metal 
mold,  and  the  rest  was  poured  into  clean  water  to  quench 
the  glass  and  break  it  up  into  small  pieces  so  that  it 
could  be  conveniently  ground  in  a jar  mill. 
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The  retractive  indexes  were  determined  with  a 
microscope  by  the  oil-immersion  method. 

RESULTS 

From  the  data  given  in  the  Table,  it  appears  that 
clear  glasses  containing  large  proportions  of  barium 
fluoride  can  be  prepared.  Some  of  these  compositions 
have  refractive  indexes  close  to  those  of  the  polymeric 
binders  of  current  and  experimental  composite  materials 
(n^5  about  1.55;  the  refractive  index  of  the  polymeric 
binder  varies  somewhat  depending  on  its  chemical  com- 
pos ition,  extent  of  polymerization,  water  content  and 
other  factors). 

Glasses  containing  24  to  28  mole  percent  of  barium 
fluoride  or  oxide,  if  used  as  the  sole  reinforcing 
filler  for  a dental  composite  material,  yield  materials 
that  are  more  radiopaque  than  necessary.  As  a first 
estimate,  about  one  part  by  weight  of  such  a barium- 
containing  glass  (as  a silane-treated  powder)  combined 
with  two  parts  of  silane-treated  fused  silica  yields 
a composite  restoration  with  a radiopacity  intermediate 


between  that  of  enamel  and  dentin. 
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The  powder  of  one  of  these  glasses  (F1515)  was  passed 
through  an  oxygen-acetylene  flame,  converting  the  irregular- 
shaped particles  into  spheres.  This  was  done  because  the 

use  of  rounded  particle  shapes  and  an  intermittant  size- 

7 

distribution  (gap  grading)  has  been  shown  to  give  an 
increase  in  the  powder-to- liquid  ratio.  However,  as  a 
result  of  this  high  temperature  processing,,  the  refractive 
index  of  the  glass  beads  formed  was  higher  than  that  of  the 
starting  material.  Presumably s the  molten  glass  particles 
had  lost  some  of  their  fluoride,,  possible  as  volatile  BF^ 
or  SiF^.  Subsequent ly s a lower-temperature  flame  and  a 
shorter  residence  time  will  be  used  to  prepare  spheres  of 
the  F1519-1  composition,  which  has  been  selected  for  further 
investigation. 

DISCUSSION 

An  ideal  glass  for  use  as  a reinforcing  filler  would 
have,  among  other  desirable  properties,  a refractive  index 
(to  visible  light)  very  close  to  that  of  the  polymer  matrix 
of  the  composite  restoration.  It  should  be  colorless  or 


have  a color  suitable  for  use  in  matching  the  color  of  the 
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composite  material  with  that  of  the  tooth.  It  should 
be  transparent  and  have  a low  coefficient  of  thermal 
expansion.  Since  barium-containing  glasses  have  higher 
thermal  expansions  that  does  fused  silica,  the  total 
barium  content  of  the  composite  should  be  no  more  than 
necessary  to  yield  a composite  with  optimum  radiopacity; 
one  would  expect  this  to  fall  in  the  range  between  that 
of  enamel  and  dentin.  Glass  compositions  that  meet  these 
particular  requirements  could  not  be  found  in  the 
available  literature. 

A moderate  alumina  content  has  been  shown  to  stabilize 

fluoride  glasses  against  phase  separation  or  devitrification 

5,6 

that  would  be  objectionable  in  this  application.  Formu- 

lations that  yield  two  immiscible  liquids  in  the  molten 

8 

stage  must  be  avoided. 

It  would  be  desirable  to  make  use  of  the  "boric 
9-14 

oxide  anomaly"  and  the  less-well-known  "alumina 

.10, 12-14 

anomaly  to  obtain  a glass  with  the  lowest  possible 
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coefficient  of  thermal  expansion.  Whether  or  not  a matching 

of  the  molar  proportions  of  BaO  and  BaF^  with  the  Al^O^  plus 

13  14 

B2O3  in  the  glass  s gives  a minimal  thermal  expansion  has 
yet  to  be  determined. 

CONCLUSIONS 

X-ray-opaque  glasses  can  be  prepared  that  are  clear 
and  colorless  and  that  have  refractive  indexes  suitable 
for  use  in  composite  restorative  materials.  The  batch 
composition  for  one  such  glass}  for  example,  is:  Si02*  44; 

BaF2*  28;  820^  16;  and  A^O^*  12  8 in  mole  percent.  The 

refractive  index  is  influenced  by  the  thermal  history  of 


the  glass. 
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TABLE  Compositions  and  Properties  of  Glasses  Arranged 
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